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(g) Fuei filter and pressure regulator system apparatus. 



@ A combination fuel pressure regulator and 
fuel filter apparatus (17) for vehicle fuel systems 
has a fuel supply tank (11) with a fuel pump (13) 
therein for pumping fuel to a fuel supply rail (20) 
having fuel Injectors (21) attached thereto. A 
fuel filter (25) is operably disposed between an 
Inlet supply tube (16) and a fluid outlet tube (18) 
for filtering impurities from fuel passing theret- 
hrough. A valve (30,53,50) In fluid communi- 
cation with the inlet supply tube (16) is provided 
with a regulator for causing flow to be short 
circuited bade into the fuel supply tanic (11) 
when the pressure in the fluid outlet (18) 
exceeds a predetermined level. The valve 
(30,53,50) is biased to a dosed position and will 
remain dosed as long as the pressure on the 
dean side of the filter (25) Is below the predeter- 
mined pressure whereby all of the fuel in the 
inlet supply tube (16) will pass through the filter 
(25). 
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Technical Field 

The present invention relates to a vehicle fuel 
supply system and more particularly to a fuel filter and 
fuel regulator system which regulates the fuel on the 
dirty side of the filter in response to the pressure on 
the dean side of the filter whereby only the fuel which 
Is actually delivered to the fuel injectors is filtered. 

Background Art 

In most vehicles having a fuel injection system, 
such as that shown in U.S. Patent No. 4,633,901 to 
Brandt et al, one fuel line leads from a fuel pump in the 
tank, through a fuel filter to the engine fuel rail and ulti- 
mately to the fuel injectors. The amount of fuel is con- 
trolled by a pressure regulator disposed adjacent to 
the fuel rail and consequently is located a relatively 
long distance from the fuel tank This requires a fuel 
retum line to return unused fuel to the fuel tank. 

One of the problems with the aforementtoned 
prior art is that there is additional expense in having 
a fuel return line and furthenmore If this line is broken 
for any reason, such as in an accident, the fuel could 
create a fire hazard. 

For this reason and others, returnless fuel filter 
and regulator systems have been proposed. For 
example, if the pressure regulator is located in the 
inlet line from the fuel tank but located adjacent to or 
attached to the fuel tank. In such a system, then all of 
the fuel would first pass through a fuel filter before 
reaching the pressure regulator valve and if more fuel 
reaches the regulator valve, than needs to be deliv- 
ered to the fuel rail, then the regulator valve will merely 
dump the excess fuel back into the tank directly. 

Still another returnless system-proposed uses a 
pressure transducer at the fuel rail connected to an 
engine control computer which controls a variable 
voltage drive for the fuel pump located in the fuel tank. 
A fuel filter is of course used in the fuel line leading 
from the fuel pump to the fuel rail at the engine injec- 
tors. One of the major problems with this type of sys- 
tem is that it is expensh^e, for example, especially the 
pressure transducer, variable voltage drive and the 
type of fuel pump required for use with this system. 
Furthermore, if the vehicle is accelerating rapidly such 
that the drive Is moving fast, the inertia of the fuel 
pump could produce excess fuel if the vehicle needs 
to stop immediately, for example in an emergency 
situation, and this could cause flooding of the engine. 

In the first two systems referred, to above, since 
all of the fuel which goes to the regulator must be fil- 
tered, a larger filter is required than if only the fuel 
which actually goes to the fuel rail is filtered. In other 
words, the return line which dumps fuel back into the 
fuel tank is dumping dean, filtered fuel back into a 
tank of unfiltered fuel. This will cause more deposits 
on the filter than would otherwise be necessary and 



that is the reason why a larger filter is needed than 
would be needed for the present invention.. It is, of 
course, well known that as a filter becomes clogged 
with impurities, it will create an increasingly greater 

5 pressure drop across the filter. If this pressure drop 
becomes too great, the required pressure delivered to 
the fuel rail will be insufficient and the fuel injection 
system will not operate property. 

Accordingly, there is a need for an improved fuel 

10 filter and fuel regulator system which will overcome 
the aforementioned problems with the prior art 

The present invention is defined in the appended 
claims and provides a fuel supply system which filters 
only that fuel which passes onto the fuel supply rail 

15 instead of dumping filtered fuel back into the fuel tank 
during the process of maintaining the desired press- 
ure and flow to the fuel rail as is the practice In prior 
art systems. 

An object of the present Invention is to provide an 
20 improved fuel filter and fuel regulator system for vehi- 
cles. 

A further object of the present invention is to pro- 
vide a vehicle fuel supply system which is less expen- 
sive than prior art systems but which has advantages 

25 oyer such prior art systems. 

In one particular aspect the invention provides a 
combination fuel pressure regulator and fuel filter 
apparatus for vehide fuel systems having a fuel sup- 
ply tank with a fuel pump therein for pumping fuel to 

30 a fuel supply rail having fuel injectors attached 
thereto. A fuel filter is operably disposed between an 
inlet supply tube and a fluid oulJet tube for filtering 
impurities from fuel passing therethrough. A valve In 
fluid communication with the inlet supply tube is pro- 
ds vided with a regulator for causing flow to be short cir- 
cuited back into the fuel supply tank when the 
pressure in the fluid outlet exceeds a predetermined 
level. The valve is biased to a dosed position and will 
remain closed when the pressure on the dean side of 

40 the filter is below the predetenmined pressure 
whereby all of the fuel in the inlet supply tube will pass 
through the filter when the pressure in the fluid outlet 
is below the predetermined pressure. 

It is an advantage of the present Invention that the 

45 amount of static electricity, which inherently is pro- 
duced during the process of pumping fuel through a 
fuel regulator, is minimized. 

Anotheradvantage of the present invention is that 
it provides a system of the aforementioned tyre which 

50 can be attached directly into or on the fuel tank so that 
rio fuel retum line is needed. 

It is a preferred feature of the present invention to 
provide a pressure regulator valve which has coaxial 
flow of the inlet and return fuel. 

55 it is a preferred feature of the present invention to 

provide a fuel regulator valve of the aforementioned 
type which uses a quiet elastomeric seat as compared 
to metal-to-metal valves and further provides a 
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mechanism for ensuring that the elastomeric seat is 
not deformed so much as to cause a pemianent set 
which Gould affect sealing of the valve. 

It Is a preferred feature of the present invention to 
provide a diaphragm-type pressure regulator which 
has stops on each side of the diaphragm to prevent 
damage to the diaphragm if it is exposed to excessive 
pressure. 

Thus, it will be seen that the present Invention 
provides a system of the aforementioned-type which 
does not have a return line to the tank which results 
in a better failure mode, meaning that any leaks In the 
diaphragm will leak back into the fuel tank instead of 
somewhere else which could present a fire hazard. . 

Other objects, advantages, and novel features of 
the present Invention will become apparent from the 
following detailed description of the Invention when 
considered in conjunction with the accompanying 
drawings. 

Brief Description of the Drawings 

Fig. 1 is a side elevational and partly cross sec- 
tional schematic view of a fuel supply system con- 
- structed in accordance with the present Invention; 
Fig. 2 is an enlarged view taken along lines 2-2 
of Fig. 1 and showing the top of a combination fuel 
filter and fuel regulator; 

Fig. 3 is an enlarged cross sectional view taken 
along line 3-3 of Fig. 2 and showing one of the 
preferred embodiments of the present invention 
in a mode where the pressure in the outlet of the 
device is low enough that the coaxial dump valve 
is closed so that all of the fuel is passing through 
the fuel filter and is being directed to the fuel sup- 
ply rail; 

Fig. 4 is an enlarged partial cross sectional view 
like Fig. 3 but showing what happens when the 
pressure downstream of the filter exceeds a pre- 
determined pressure, namely that the diaphragm 
and related structure push the coaxial relief valve 
open to permit fuel being pumped from the fuel 
pump toward the filter to be dumped back Into the 
fuel tank; 

Fig. 5 is a side elevational view of a combination 
fuel filter and fuel regulator similar to the one 
shown in Figs. 1-4; 

Fig. 6 Is a partial cross sectional view of the 
device shown in Fig. 5 in a mode similar to that of 
the device of Fig. 3 wherein all of the fuel is being 
pumped through the filter to the fuel rail; 
Fig. 7 Is a perspective view of one of the elements 
of the coaxial vah^e shown in Fig. 6 for allowing 
fuel to flow therethrough and for self-alignment of 
the valve seat; and 

Fig. 8 is a view like Fig. 4 but of the Fig. 6 embo- 
diment which shows that when the pressure on 
the clean side, or downstream side, of the filter 



^ exceeds a predetermined pressure, the coaxial 
valve is opened to permit some of the fuel being 
pumped from the fuel pump to the dirty side of the 
filter to be dumped back Into the fiiel tank. 

5 

Best Modes For Practicing the Present Invention 

Referring now to the drawings wherein like refer- 
ence numerals designate identical or corresponding 

10 parts throughout the several views. Fig. 1 shows a fuel 
supply system (10) constructed in accordance with 
the present Invention and having a fuel tank (11) with 
liquid fuel (12) disposed therein. Fuel pump (13) 
which is preferably electrically operated, constantly 

15 draws fuel from an inlet port (14) and .delivers it 
through an outiet port (1 5) to a fuel pump supply port 
(1 6) of a combination fuel filter and fuel regulator (1 7). 
An outlet supply tube (1 8) of the combination filter and 
pressure regulator (1 7) is connected to a line (1 9) 

20 > leading to a fuel supply rail (20) having a plurality of 
fuel injectors (21) attached thereto for supplying fuel 
to an engine (22). 

An annular filter (25) which can be constructed of 
any nonmal filter material, such as paper, is sealed at 

25 the top and bottom thereof by members (26) and (27) 
to cause all of the fuel which enters the interior chanv 
ber (28) of the filter to be forced through filter (25) and 
not be permitted to go around it. An exterior housing 
(29) generally defines the filter chamber downstream 

30 of the filter (25) which only would contain clean filtered 
fuel and which has outlet supply tube (18) attached 
thereto. A valve tube (30) of rigid material is sealed in 
place by annual member (31) to prevent it from mov- 
ing with respect to the filter (25) and housing (29). The 

35 closures (27) can have tabs or projections (32) the- 
reon which space the top thereof from the housing 
(29) and help to hold the filter assembly in place. 

The lower portion of the rigid housing (29) con- 
sists of housing member (35) which has an annular 

40 projection (36) thereon for holding a rubber or elas- 
tomeric grommet (37) in place. An annular groove (38) 
in the grommet (37) receives a circular portion of the 
top of the fuel tank (1 1 ) to hold the unit (1 7) in the posi- 
tion shown in Fig. 1 without other fasteners or the like. 

45 The fuel pump supply tube (16) is rigidly attached 

to the bottom of housing portion (35) and a tube (41) 
is disposed in opening (40) of tube (1 6) inside of annu- 
lar O-ring (42), which is held In place by annular 
washer (43) and the tab (44) on the top of fuel pump 

50 supply tube (16). 

The top of the tube (41 ) Is supported by an annu- 
lar member (46) having grooves (47). The meniber 
(46) is annular and fits Into groove (48) so that It can 
slide up and down by a slight amount therein, but 

55 always keeps the tube (41) centered and coaxial with 
the valve tube (30). 

An elastomeric valve seat (50) is disposed in the 
top of a member (51) which has a partially spherical 
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convex outer surface in abutment with a mating con- 
cave spherical inner surface on member (52) so that 
the valve seat (50) can automatically and universally 
align itself with the valving-surface (53) on the t)ottom 
of valve tube (30) in the closure mode shown in Fig. 
3. A compression spring (54) biases the annular mem-, 
ber (52) upwardly, which will, in turn, push the menrv 
ber (51) and annular elastomeric valve seat (50) 
toward the dosed position shown in Fig. 3. 

Another spring (56), which is considerably larger 
and produces a greater force, abuts a member (49) on 
the bottom thereof, as shown In Fig. 3, and pushes on 
push member (57) and on annular diaphragm (58) 
which is disposed between the push member (57) and 
a backing member (59). A bottom annular portion (61) 
on push member (57) abuts the top of member (52). 
The diaphragm (58) is sealingly clamped by members 
(62) and (63) on the exterior periphery thereof and the 
annular diaphragm (58) is sealingly clamped between 
members (62) and flange (64) on tube (30) on the 
interior of the diaphragm (58). 

In operation, the heavy diaphragm biasing spring 
(56) will push the diaphragm (58) upwardly until It 
abuts the bottom of bottom member (62) as is shown 
in Fig. 4. Because this moves flange (61) upwardly, 
the smaller valve spring (54) will push members (51), 
(52) and consequently annular valve seat (50) 
upwardly against the sealing annular surface (53) of 
the bottom of valve tube (30). This will cause all of the 
flow from the fuel pump (13) to pass up through the 
fuel pump supply tube, through tube (40), through 
valve tube (30), into the interior chamber (28) of the 
filter (25) and then force this fuel through the filter (25) 
to be delivered to the fluid outlet (18). Such fuel then 
is forced on through connection line (19), fuel rail (20) 
and ultimately is delivered outfuel injectors (21) to the 
engine (22). 

Because of the way these systenns are designed, 
the pressure at the fuel rail must remain constant 
within certain tolerances. If the pressure increases on 
the downstream side of the filter (25), for example at 
fluid outlet (1 8), which is essentially the same press- 
ure as that chamber inside of housing (29) and out- 
side of the filter (25), this will cause the diaphragm 
(58) to be pushed downwardly against the upward 
bias of the spring (56) to the lowered position shown 
in Fig. 4. As the diaphragm (58) moves downwardly, 
the flange (61) on annular member (57) will push the 
member (52) downwardly, overcoming the bias of 
spring (54) which is pushing the member (52) 
upwardly. Because of the pressure inside of valve 
tube (30), the elastomeric seal (50) will move to the 
position shown in Fig. 4 whereby the flow through tube 
(41) will flow through opening (47) and between the 
valve in surface (53) and the seal (50). Flow will con- 
tinue through slots (55) in member (52) to the lower 
pressure within the fuel tank (11).. 

Openings (39) in the bottom of housing portion 



(35) not only permit this fuel to be returned to the fuel 
tank (1 1 ) but also cause the interior of housing portion 
(35) to be at the same pressure as the fuel tank (1 1 ). 
The lower portion of the diaphragm (58) is also exp- 

5 osed to the pressure of the interior of the fuel tank 
(11), which is typically not very much higher than 
atmospheric pressure and which pressure remains 
fairiy constant. Consequently, the-fluid passing 
through the tube (41) which Is returned to the tank 

10 through passageways (47) and (55) is not filtered 
because it is not delivered through filter (25) yet. 

As the pressure on the downstream side of the Al- 
ter (25), for example at fluid outlet (1 8), decreases due 
to consumption of fuel at the fuel injectors (21), the 

15 diaphragm will tend to rise thereby stopping or lessen- 
ing the flow through return passageways (47) and 
(55). This will cause metering of the flow back to the 
fuel tank (11) as required to maintain the desired 
pressure of clean fuel at fluid outlet (18). 

20 Fig. 6 shows an alternate emt>odiment (117) 

which works essentially like the embodiment (17) 
shown in Figs. 3 and 4. A filter (125) is held in place 
inside housing (129) by members (126), (127) and 
(131). Valve tube (130) is also clamped in place by 

25 member (131). Lower housing portion (135) has 
grommet (137) held in place by annular flange (136) 
and has an annular groove (138) for holding it into an 
opening into the top of the fuel tank (11). A large diap- 
hragm biasing spring (156) biases the diaphragm 

30 (158) and corresponding rigid annular members (157) 
and (159) upwardly as shown in Figs. 6. Annular 
members (162) and (163) clamp the outer edges of 
the diaphragm (158) and the inner edge of the diap- 
hragm is sealingly held between members (162) and 

35 flange (164) onto valve tube (130). The top of a tube 
(141) is held coaxial with the axis of tube (130) by a 
plurality of radially extending wing members (146) 
which have spaces between them to allow flow there- 
through. Flange (147) and flange (142) prevent the 

40 tube (141) from sliding out of contact with the wing 
members (146). The bottom of the tube (141) extends 
into an opening (140) of fuel pump supply tube (116). 

A diaphragm biasing spring (156) is much larger 
than a smaller valve seat biasing spring (154). The 

45 bottom of the spring (1 54) is in abutment with the top 
of member (116) and the biasing spring (154) pushes 
upwardly on member (152) which has an upper con- 
vex spherical surface for matingty receiving the lower 
partially spherical surface of member (151). An elas- 

50 tomeric valve seat (150) flts in a groove in the top of 
member (151) and the entire assembly, including 
valve seat (150), and member (151) and (152) are 
. biased upwardly toward valving surface (1 53) by the 
spring (154). 

55 The operation of the embodiment (1 1 7) shown in 

. Figs. 5-8 is almost exactly the same as that shown in 
Figs. 1-4. Initially the diaphragm biasing spring (156) 
will push the diaphragm (1 58) upwardly until member 
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(159) abuts the top of member (162). This will prevent 
the diaphragm from being damaged if it was not other- 
wise limited In Its upward travel. In the upper position 
shown in Fig. 6, push member (161) is elevated 
enough so that the spring (154) can push ultimately 
the elastomeric valve seat (150) against the annular 
valving surface (153) of the valve tube (130), thereby 
causing all of the flow through fuel pump supply tube 
(1 1 6), tube (141 ) and valve tube (1 30) to pass into the 
filter chamber (128) and be forced out through the fil- 
ter (125) to fluid outlet (118). When the pressure on 
the clean side of the filter (125), for example at fluid 
outlet (118) becomes higher than the predetemnined 
pressure desired, the excess pressure will push the 
diaphragm (158) downwardly as shown by the press- 
ure arrows extending through opening (144) in mem- 
ber (162) In Fig. 8. This will cause annular flange 
member (162) in Fig. 8. This will cause annular flange 
(161) to push downwardly on the top of member (152) 
and cause the spring (154) to compress. This condi- 
tion, as shown in Fig. 8. allows the pressure of the fuel 
in tube (130) to force its way past members (146), be- 
tween valving surface (153) and (150) and be short 
circuited as shown by the arrows in Fig. 8 back 
through the lower housing (135) through slots (155) in 
member (152) and then eventually fall through open- 
ings (143) which lead back to the fuel tank (11) shown 
in Fig. 1. 

It will be understood of course that as the press- 
ure on the dean side of the filter (125) fluctuates so 
will the relative position of the diaphragm (158) and 
consequently of the distance between the elastomeric 
seat (150) and valving surface (153) so that metering 
of the flow returning to the fuel tank occurs. Of course 
as the pressure on the downstream side of the filter 
(125) drops, for example because of consumption of 
fuel by the engine (22), the diaphragm wilt move 
upwardly, thereby allowing the vah/e seat (150) to 
move upwardly to eventually move to the closed posi- 
tion shown in Fig. 6 whereby all of the flow will go 
through the filter (125) until such time as conditions 
change. It is significant to note that the seals (50) and 
(1 50) are guided on the Interior surface thereof as it 
moves up and down on tubes (41) and (141) respect- 
ively. 

Accordingly, it will be appreciated that the present 
invention does indeed accomplish the aforemen- 
tioned objects. Obviously many modifications and 
variations of the present Invention are possible in light 
of the above teachings. It is therefore to be under- 
stood that, within the scope of the appended claims, 
the invention may be practiced otherwise than as 
specifically described. 



Claims 



ter apparatus (17) for vehicle fuel systems com- 
prising: 

a fuel supply tank (11); 
a housing (29) operably attached to said 
5 fuel supply tank (11); 

an inlet supply tube (16) attached to said 
housing (29) adapted to be in fluid communi- 
catk>n with a fuel pump (13); 

. a fluid outlet (18) attached to said housing 
10 (29) adapted to be in fluid communication with a 

fuel supply rail (20); 

a fuel. filter means (25) disposed within 
said housing (29) and disposed between said 
inlet supply tube (16) and said fluid outJet (1 8) for 
15 filtering impurities from fuel passing theret- 

hrough; 

valve means (30,53,50) in fluid communi- 
cation with said inlet supply tube (16) for causing 
flow to be short circuited back into said fuel supply 

20 tank (11) when the pressure In said flu kJ outlet 

(18) exceeds a predetermined level; and 

valve biasing means (54) for biasing said 
valve means (30,50,53) closed when said press- 
ure is below said predetermined pressure 

25 ' whereby all of the fijel In said Inlet supply tube 
(16) will pass through said filter (25) when the 
pressure in said fluid outlet (1 8) is below said pre- 
determined pressure. . 

30 2. The apparatus of claim 1 wherein said valve 
means comprises: 

a valve tube (30) having a central pas- 
sageway and an annular valving surface (53) on 
one end thereof; and 

35 an annular valve seat (50) which is mov- 

able with respect to said valving surface (53) and 
having a closed position in abutment with said 
valving surface (53) on said one end of the tube 
(30) whereby flow will be stopped between the 

40 valving surface (53) and the valve seat (50) 

thereby causing all flow through the inlet supply 
tube (1 6) to pass through the filter means (25) and 
an open position spaced finom said valving sur- 
face (53) of said tube (30) whereby flow will be 

45 permitted between the said valving surface (53) 

and said valve seat (30) thereby reducing the flow 
of fuel through said filter means (25) by permitting 
flow of fuel back to the fuel supply tank (1 1 ). 

50 3. The apparatus of claim 2, wherein said biasing 
means biases (54) said valve seat (50) towards 
said valving surface (53). 

4. The apparatus of claim 2 or 3, wherein said valve 
55 tube (30) is fixed with respect to said housing 

(29). 



1 . A combination fuel pressure regulator and fuel fil- 

5 



5. The apparatus of any of claims 2 to 4, wherein 
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said annular valve seat (50) is elastomeric. 

6. The apparatus of any of claims 2 to 4 and further 
including a flexible diaphragm sealing (58) 
attached to said housing (29); 

means for causing one side of said flexible 
diaphragm (58) to be in fluid communication with 
said fluid outlet (18) and thereby be disposed 
down stream of said filter means (25); and 

means for flu Idly communicating the other 
side of said diaphragm (58) with said fuel supply 
tank (11). 

7. The apparatus of claim 6 or 26, wherein said diap- 
hragm (58) is operatively sealingly attached to 
said valve tube (30) radially Inwardly from where 
it is sealingly attached to said housing (29). 

8. The apparatus of claim 6,7 or 26, wherein said 
diaphragm (58) is a flexible member generally 
annular in shape. 

9. The apparatus of any of claims 6 to 8 and further 
including a first stop means (62) operatively 
attached to said housing (29) for preventing said 
diaphragm (58) from being displaced too far in 
one direction and a second stop means opera- 
tively connected to said housing (29) to prevent 
said diaphragm (58) from being displaced too far 
in a direction opposite to said one direction. 

10. The apparatus of any of claims 6 to 9 or claim 26, 
wherein said valve means (30,50,53) includes 
diaphragm biasing means (56) for biasing said 

. diaphragm (58) to a first position corresponding to 
the closed position of said valve means. 
(30.50,53). 

11. The apparatus of any of claims 6 to 10 or claim 26 
and further including pushing means (51) for 
causing said valve seat (50) to be pushed away 
from said valving surface (53) to the open position 
thereof when said diaphragm (58) moves to a 
second position thereof due to an Increase In the 
pressure at the fluid outlet (18). 

12. The apparatus of claim 11, wherein said valve 
biasing means includes cushioning means (54) 
for preventing the force of said diaphragm biasing 
means (58) to be exerted on said valve seat (50) 
whereby said valve seat (50) will not be perma- 
nently damaged by excessive forces pushing it 
against said valving surface (53). 

13. The apparatus of claim 12, wherein said cushion- 
ing means (54) comprises a spring (54) for urging 
said seat means (50) towai-d said valving surface 
(53) and toward said pushing means (51). 



14. The apparatus of claim 13 wherein said spring 
(54) is less forceful than said diaphragm biasing 
means (56) thereby exerting less force on said 
seat means (50) than said diaphragm biasing 

5 means (56) exerts on said diaphragm (58). 

15. The apparatus of any of the preceding claims or 
claim 26 and further Including means for causing 
all of the fuel that flows to said fluid outlet (1 8) to 

io pass through said fuel filter means (25). 

16. The apparatus of claim 2, and any of claims 3 to 

15 or claim 26 when appended thereto, wherein 
said fuel filter means (25) is annular in shape and 

15 ^ has a central opening (28) in fluid communication 
with said valve tube (30). 

17. The apparatus of claim 2, and any of claims 3 to 

16 or claim 26 when appended thereto, and 
20 further including means (47,53) for causing the 

flow of fuel back to the fuel tank (1 1) to be gener- 
ally coaxial with the axis of said valve tube (30). 

18. The apparatus of claim 2, and any of claims 3 to 
25 17 or claim 26 when appended thereto, and 

further including guide conduit means (41) in fluid 
communication with said inlet supply tube (16) 
and in fluid communication with said valve tube 
(30) for gukfing the annular valve seat (50) as it 
30 moves, while at the same time permitting fuel to 

flow therethrough. 

19. The apparatus of claim 18 and further including 
means (46) for holding said guide tube (41) 

35 coaxial with said valve tut>e (30). 

20. The apparatus of claim 2, and any of claims 3 to . 
19 or daim 26 when appended thereto, and 
further including alignment means (51 ,52) for per- 

40 rnitting said valve seat (50) to automatically align 

itself with respect to said vah^ing surface (53). 

21. The apparatus of claim 20, wherein said align- 
ment means comprises a first member (51) sup- 

45 porting said valve seat (50) and having a partially 

spherical convex surface thereon and a second 
member (52) having a mating concave spherical 
surface thereon for abutment with said partially 
spherical convex surface. 

so 

22. The apparatus of claim 21, wherein said valve 
biasing means (54) is in abutment with and 
pushes said second member (52) toward said first 
member (51), said first member (51) toward said 

55 annular valve seat (50) and said valve seat (50) 

toward said valving sur^ce (53) of said valve tube 
(30). 
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23. The apparatus of claim 21 or 22, wherein said 
second nnember (52) has a plurality of slots along 
the top thereof for permitting fuel flow theret- 
hrough when said relief valve means Is open. 

6 

24. A combination fuel pressure regulator and fuel fil- 
terapparatusforvehiclefuel systems comprising: 

a fuel supply tank (11); 

a fuel supply rail (20) adapted to have fuel 
Injectors (21) attached thereto; io 

a fuel pump means (13) having an inlet 
port (14) and an outlet port (15) for pumping fuel 
to said fiiel supply rail (20); 

an inlet supply tube (16) in fluid communi- 
cation with said fuel pump means outlet port (1 5); is 

a fluid outlet (18) in fluid communication 
with said fuel supply rail (20); 

a fuel filter means (25) operatively dis- 
posed between said inlet supply tube (16) and 
said fluid outlet (18) for filtering impurities from 20 
fuel passing therethrough; 

valve means (30,50,53) in fluid communi- 
cation with said Inlet supply tube (16) for causing 
flow to be short circuited back into said fuel supply 
tank (11) when the pressure in said fluid outlet 25 
(18) exceeds a predetermined level; and 

valve biasing means (54) for biasing said 
valve means (30,50,53) closed when said press- 
ure is below said predetermined pressure 
whereby all of the fuel in said inlet supply tube 30 
(16) will pass through said filter (25) when the 
pressure in said fluid outlet (1 8) is below said pre- 
detennined pressure. 

25. A vehicle fuel system comprising a combination 35 
fuel pressure regulator and fuel filter apparatus in 
accordance with any preceding claim. 

26. The apparatus of any of claims 2 to 4 and further 
including a flexible diaphragm sealing (58) 40 
attached to said housing (29), wherein one side 

of said flexible diaphragm (58) is capable of being 
in fluid communication with said fluid outlet (18) 
and thereby be disposed downstream of said filter 
means (25) and the other side of said diaphragm 45 
(58) is capable of fluid communication with said 
fuel supply tank (11). 



so 
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